Current autonomous robots are limited to work only in one single environment. For example (swimming and submerging) in water, (walking, jumping and mobile) on ground or (flying and floating) in air. However, in case of seeking a series of autonomous operations that required to be held in different environments, either many robots should be used, or a single robot that can operate in different environments should be established. Therefore, this research is aimed at designing a single autonomous robot that can fly in air -as Unmanned Arial Vehicle (UAV)-, sail in water -as Unmanned Surface Vehicle (USV)-and move on the ground-as Unmanned Ground Vehicle (UGV)-and this is a new category of robots which could be called Unmanned Multi-environments Vehicle or Autonomous Multi-environments Robot. The mathematical model of the proposed robot is derived using kinematic and dynamic model. Then a linearized version of the model is obtained. The used control approach is based on the linear proportional derivative Integral controller (PID) using nested control loops and applied to the model. Finally the behavior of the Robot under the proposed control strategy is simulated and observed in 3D plot Simulink / Matlab.
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Force generated from port pumps.
F stbd
Force generated from starboard pumps. 
INTRODUCTION
The future wars, automations and manufacturing will completely depend on robots and the human intervention may be limited. So there have been huge evolutions in robots technology in the last few years. The robots will be an essential part in our daily life, they will exist in every house, factory, company, army, etc. The most popular robots are designed to operate only in one single environment (e.g. air, water or ground). The Arial robots could fly, hover or float in air. The water robots could swim, row and submerge in water or jump on water. The ground robots could walk, mobile, jump or roll on ground. However, certain categories of applications required the manipulating of more than one environment. So in such case, many robots are required each for a specific environment. Then the operated robots must cooperate all together to accomplish their overall task. Herein, the concept of autonomous multienvironment robots that can operate in different environments emerge as a comprehensive solution for that challenge. This new devised trend of robots could be used for surveillance, search and rescue missions, planets exploration missions like NASA mars missions, Inspection of gas and oil pipes in water and on the ground.
Therefore, this research concentrates on design, modeling and controlling of an autonomous robot that can fly in air, sail in water and move on ground. The mathematical model of the robot is derived using kinematic and dynamic model. This research area is facing some challenges especially in control field because the proposed robot is under actuated and complicated multivariable nonlinear system. So these systems should be linearized and could be used metaphorically as linear system. The control system is based on linear PID controller, according to its simple structure and its good performance which is acceptable for the proposed robot behavior's control. A 3D SolidWorks model of the robot is shown in Fig.1 .
PROPOSED DESIGNED ROBOT
The proposed robot configuration is a hybrid between UAV as flying robot, UGV as mobile robot and USV as water robot. The robot has ability to operate in different environments but not in the same time. Every environment's actuators are active when the other actuators are not. The motions of the robot in different environments are generated by eight actuators as shown in Fig.2 . The robot can fly in air environment as Quadrotor by using four DC brushless motors "A,B,C,D". It is classified as vertical takeoff and landing aircraft 'VTOL'. The robot can move on ground by using four wheels with two DC motors "E,F" as differential derive mobile robot.
It also capable to sail in water by using two DC pumps "G,H" as differential derive water robot. The robot motions according to changing in actuators' speed have been summarized in Table I according to right hand rule. The following design assumptions has been taken: (The Robot is a rigid body and is symmetric around x and y axis's -In Flying system, the thrust and drag force are proportional to square of propellers' speed -In mobile system, there is no slipping in x-axis and the wheel is perpendicular to ground -In sailing system, the COG location is the same for COB in x and y axis and the robot surges in calm water).
The main components of the Robot system are summarized in Fig.3 and Electronic diagram structure of the autonomous robot is shown in Fig.4 . The LIPO battery is selected as power source which is carried inside the robot. 
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ROBOT MODELING
The mathematical model of the robot for the indented environments (i.e., air, ground and water) is defined independently. Then, they are merged and enrolled in control process. There are two different coordinate frames are used to represent position and orientation of the robot. Firstly, the "earth frame" is a fixed frame used as reference. Its' x, y, z axis's are pointed to North, East and the center of the Earth directions respectively. Secondly, the "body frame" has its origin fixed to the center RC Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 Architecture of the robot. Electronic diagram structure of the autonomous robot.
of gravity of the robot. Its' x, y, z axis's are pointed to the Robot's forward, right and downward directions respectively.
Mathematical Model of the Robot
Kinematic model
The "earth frame" and the "body frame" can be related to each other by rotations relation matrix as shown in the following equations: [1] , [9] , [12] 
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where S:sin,C:cos,t:tan.
So, the kinematic model of the robot is: (6DOF) [9] 
Dynamic model
Newton-Euler formalism is used to represent the dynamics of a rigid body as expressed in equation. [1] , [12] 3 3 ω ω ω ω
So, the dynamic model of the robot is: (6DOF) ( 
Mathematical Model of the Flying System
Kinematic Model
The kinematic model is as equation 5 [9] .
Dynamic model
The main effecting forces and moments on the flying robot are as follow: [7] , [8] , [9] , [10] . 
The forces and moments generated from actuators are [14] :
By applying equations (11), (12) in equation (8), the dynamic model of the flying system in body frame could be expressed as: (6DOF) [10] , [15] ( ) ( 
Mathematical Model of the Mobile System
The mobile robot rotates only around z-axis so (φ 0) θ = = , moving only along x-axis in body frame so (v w 0) = = and moving in x-y plane in earth frame so (z 0) = . So from equation (5) the kinematic model of the mobile system in body frame will be as follows: (3DOF) [2] ( ) ( )
The differential drive robot's linear and angular velocities in body frame can be deduced from angular velocity of the right and left rear wheels of the robot as [24] : Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 ( )
By applying equations (16) and (17) in equation (15), the final differential derive model would be expressed as: (3DOF)
Mathematical Model of the Sailing System
Kinematic model
It is assumed that the sailing robot is rotating only around z-axis so (φ 0) θ = = , moving only along x-axis and y-axis in body frame so (w 0) = and moving in x-y plane in earth frame so (z 0) = . So from equation (5) the kinematic model of the sailing system in body frame is: (3DOF) [18] , [20] .
Dynamic model
The sailing robots' components of motions are shown in Fig 5. It is assumed that the sailing robot maneuvering is generally treated as plane motion with three components surge, sway and yaw. So the dynamic model of the sailing robot can be described in Body frame after simplifying equation (8) as follow: (3DOF) [3] , [11] , [12] , [19] , [20] , [21] .
( ) ( )
Also The 3 DOF horizontal plane models for maneuvering are based on the rigidbody kinetics can be described as: [3] , [4] , [12] , [20] ( Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 ( ) (23) where RB RB ext C , M , τ are the rigid-body inertia matrix, matrix of rigid-body Coriolis and centripetal, the total external acting force and moments.
The main affecting forces and moments on the sailing robot are as follow: First, The actuators forces and moments are: [16] , [18] , [21] , [23] . The robot generates the propulsion forces and turning moment with two thrusters as shown in fig. 6 providing p n and n s RPM on the port and starboard side respectively. And it is assumed that the thrust has a linear relation with RPM So: [17] 
Second, The hydrostatic forces and moments: In the horizontal plane, the hydrostatic forces and moments 
Third, The hydrodynamic forces and moments: It is supposed that relative velocity is equal normal velocity r (V V)
The hydrodynamic forces and moments B τ hyd is as follow: RC Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 ( ) ( ) ( ) ( )
And [3] , [11] , [12] , [13] ( ) Fourth, Other forces and moments: 
The dynamic model of the robot after offset the acting forces and moments can be described in Body frame simply as follow: (3DOF) [3] , [11] , [12] , [18] 
ROBOT CONTROL
PID controller is selected in this research according to the following reasons [5] ; (It has a simple structure and is easy to be implemented -It has a good performance and is acceptable for the robot behavior's control -It can be tuned easily). RC Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 
Flying System Control
To control the flying Robot many nested control loop structure will be applied. The main controllers are as follow [10] , [2] : 1-Altitude Controller: " Fig. 7 ": The task of this control is to keep the Robot flying at certain height. It controls the height by increasing and decreasing the net thrust. The derived control law is in equation (39). 2-Attitude Controller: " Fig. 8, 9 , 10". The Attitude controller is contains from three main controllers: (Roll -Pitch -Yaw) controller and their derived laws are in equation (40), (41) and (42) (43) and (44). [6] ( ) ( ) Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 are PID gains and des u is desired velocity.
Sailing System Control
Moving from point to point technique is also used to control the sailing Robot. The main controllers are as follow: [16] , [22] 1-Surge Controller " Fig 
K x F . 
SIMULATION AND RESULTS
The Robot has been simulated in Matlab and the controllers are tested and verified using closed loop simulation. The logic diagram of the robot's total system with corresponding equations is shown in Fig. 17 and the Simulink block of the system is shown in Fig. 18 . The Robot simulation parameters are declared in Table 2 .
The selected control gains are shown in table 3 and the controllers are under saturations conditions are shown in Table 4 . The control response specification's data for full system test with respect to time response is shown in Table 5 .
The simulation response of the controllers in: Flying system (are shown in the following: Fig.19 th Int. AMME Conference, 3-5 April, 2018 Flying system: Trajectory response under controller (Moving from point to point) in 2D "xy, xz, yz plane". 
CONCLUSION
This research focuses on designing an autonomous different environment robot. Firstly, the mathematical models for the autonomous different environment robot dynamics and kinematics are derived. The environments are driven in one module because of using the same axis which seems to be easier to control. The dynamics model is derived using Newton-Euler law. Then a linearized version of the model is obtained. After that, a PID controller is designed using nested control loops and applied to the model. Finally the behavior of the Robot under the proposed control strategy is observed in 3D plot Simulink.
